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1
ROBOTIC ARM WITH A PLURALITY OF
MOTORIZED JOINTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present patent application is a United States national
stage under 35 U.S.C. 371, and claims priority on U.S. Pro-
visional Patent Application No. 61/102,964, filed on Oct. 6,
2008.

FIELD OF THE APPLICATION

The present application generally relates to the field of
robotics. More specifically, the application relates to a por-
table robotic arm with an improved wrist design.

BACKGROUND OF THE ART

For handicapped persons having only limited use of their
arms, accomplishing on their own mundane tasks on a daily
basis, such as drinking or brushing teeth for example, is a
complex procedure. Luckily, robotic arms have been
designed or adapted to provide them much needed help.

Many of these robotic arms have been prototyped and
much research on this topic is still going on in universities.
Unfortunately, not that many robotic arms have successfully
made it to the marketplace. Many robotic arms are expensive,
as they were not designed for mass production. They are also
not well adapted for a mobile use since they are bulky, have a
low load capacity to weight ratio and are not easily transfer-
able from one place of use to another (for example from a
wheelchair to a counter). Moreover, their design is sometimes
prone to inflicting injuries to a user or a bystander, such as
pinching fingers in the arm’s joints. This is especially true
close to the manipulator, or gripper, area of the robotic arm,
which normally uses more of its available movement ampli-
tude.

Over the last decade, there have been many interesting
attempts to produce a convenient portable robotic arm. How-
ever, every design has always left something to be desired.
There is therefore a clear need for an improved portable
robotic arm.

SUMMARY OF THE APPLICATION

It is an object of the present application to provide a por-
table robotic arm and method that address issues associated
with the prior art.

The present application provides the advantages of being
easier to assemble from a knocked-down state due to its
modular construction, is relatively light, and is designed such
as to lower dangers of pinching a user’s fingers in a wrist
region of the robotic arm. The robotic arm of the present
application is also potentially cheaper to manufacture than
many other robotic arms built for personal use due to its
modular construction.

In accordance with an embodiment of the present applica-
tion, there is provided a portable robotic arm that comprises a
base, a plurality of motorized joints, a plurality of body mem-
bers and a manipulator. Each motorized joint is operative to
rotate in its respective rotation plane and on its respective
joint axis, which is normal to the respective rotating plane.
Each body member is sequentially connected to one other
body member through one of the motorized joints. A last body
member is connected to the base through a last motorized
joint. A manipulator is connected to a first body member
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through a first motorized joint. At least two consecutive rota-
tion planes are placed at an angle from each other that is
greater than 0 degrees and smaller than 90 degrees.

Optionally, the base may have an attachment interface that
is operative to removably attach the base to a support.

Optionally, the manipulator may comprise three fingers
and a tool port centered between the three fingers. Each of the
three fingers may be equipped with sensors to detect a load
applied on the fingers.

In accordance with another embodiment of the present
application, there is provided a method for connecting a tool
to the previously described robotic arm. The method com-
prises gripping with the three fingers a tool connected in the
manipulator’s tool port.

In accordance with yet another embodiment of the present
application, there is provided a kit comprising the robotic arm
as previously described and a wheelchair support. The wheel-
chair support is adapted to removably receive an attachment
interface of the robotic arm. The wheelchair support is further
provided with attaching means for being attached to a frame
of a wheelchair.

In accordance with a first embodiment of the present dis-
closure, there is provided a robotic arm comprising: a base; a
plurality of motorized joints, each one of said plurality of
motorized joints being operative to rotate a body member
with respect to one respective joint axis normal to a respective
rotating plane; a plurality of the body members, each one of
said plurality of body members being sequentially connected
to ends of at least one other of said plurality of body members
through one of'said plurality of motorized joints, a last one of
said plurality of body members being connected to said base
through a last one of the motorized joints of said plurality of
motorized joints; and a manipulator connected to a first one of
said body member through a first one of the motorized joints
of said plurality of motorized joints; wherein at least two
consecutive of said respective rotation planes are placed at an
angle from each other that is greater than 0 degrees and
smaller than 90 degrees.

Further in accordance with the first embodiment, said plu-
rality of motorized joints comprises the first, a second, a third
and the last motorized joints, said respective rotation plane of
said plurality of motorized joints being respectively a first, a
second, a third and a last rotation plane, said first rotation
plane being substantially at 45 degrees from said second
rotation plane.

Still further in accordance with the first embodiment, said
second rotation plane is substantially at 45 degrees from said
third rotation plane.

Still further in accordance with the first embodiment, said
plurality of motorized joints further comprises a fourth and a
fifth motorized joints, said respective rotation plane of said
plurality of motorized joints further having respectively a
fourth and a fitth rotation plane, said fourth rotation plane
being substantially perpendicular to said third rotation plane
and said fifth rotation plane being substantially perpendicular
to said last rotation plane.

Still further in accordance with the first embodiment, said
fourth rotation plane is substantially parallel to said fifth
rotation plane.

Still further in accordance with the first embodiment, said
first, said second and said third motorized joints are smaller
than said fourth, said fifth and said last motorized joints.

Still further in accordance with the first embodiment, said
first, said second and said third motorized joints are of a first
size and said fourth, said fifth and said last motorized joints
are of a second size.
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Still further in accordance with the first embodiment, said
first, said second and said third motorized joints are inter-
changeable among themselves and said fourth, said fifth and
said last motorized joints are interchangeable among them-
selves.

Still further in accordance with the first embodiment, said
plurality of motorized joints is of a common design except for
size.

Still further in accordance with the first embodiment, each
of'said plurality of body members, said base and said manipu-
lator are removably attached to at least one of said plurality of
motorized joints by at least one fastener removable from an
exterior of each one of said plurality of body members.

Still further in accordance with the first embodiment, said
manipulator comprises at least three fingers, each one of said
three fingers being equipped with a sensor to detect a load
applied on said one of said three fingers, each one of said
sensors being operative to send a signal to a controller.

Still further in accordance with the first embodiment, said
controller is operative to close said three fingers towards each
other in response to receiving at least one of said signals from
at least one of said sensors.

Still further in accordance with the first embodiment, said
controller is operative to close said three fingers towards each
other so as to equilibrate said signals among themselves.

Still further in accordance with the first embodiment, said
manipulator comprises a tool port centered between said
three fingers, said tool port being operative to connect a tool.

Still further in accordance with the first embodiment, said
portable robotic arm is adapted to be installed on a support,
said base comprising an attachment interface operative to
removably attach said base to the support.

Still further in accordance with the first embodiment, said
support is adapted to removably receive said attachment inter-
face, said support being attached to a frame of a wheelchair.

Still further in accordance with the first embodiment, the
robotic arm further comprises a rack for a toolset, said rack
being proximate said base.

Still further in accordance with the first embodiment, said
support is adapted to removably receive said attachment inter-
face, said support being also an arm rest for a wheelchair.

Still further in accordance with the first embodiment, said
support is adapted to removably receive said attachment inter-
face, said support having attaching means for permanently
attaching said support to a working surface. In accordance
with a second embodiment of the present disclosure, there is
provided a method for attaching a robotic arm from one
support to another, comprising: providing a robotic arm hav-
ing a self-contained controller; detaching the robotic arm
from rigid engagement with a first support; engaging the
robotic arm to a second support; and locking the robotic arm
to the second support.

Further in accordance with the second embodiment, disen-
gaging and engaging the robotic arm comprises sliding an
attachment interface of the robotic arm out of/in a corre-
sponding attachment interface in the supports.

Still further in accordance with the second embodiment,
disengaging the robotic arm comprises disengaging the
robotic arm from a wheelchair, while engaging the robotic
arm comprises engaging the robotic arm to a table.

Still further in accordance with the second embodiment,
disengaging and engaging the robotic arm comprises disen-
gaging and engaging the robotic arm from/to a power source
in the supports.

Still further in accordance with the second embodiment,
providing comprises providing the robotic arm with a self-
contained power source, and disengaging and engaging the
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4
robotic arm comprises disengaging and engaging the power
source simultaneously with the robotic arm.

BRIEF DESCRIPTION OF DRAWINGS

These and other features of the present application will
become more apparent from the following description in
which reference is made to the appended drawings wherein:

FIG. 1 is an axonometric view of a robotic arm in accor-
dance with an embodiment of the present application;

FIG. 2A is an axonometric view of a portion of the robotic
arm of FIG. 1 before being mounted on a fixation rail of a
support through an attachment interface in accordance with
an embodiment of the present application;

FIG. 2B is an axonometric view of a portion of the robotic
arm of FIG. 1 mounted to the fixation rail of the support of
FIG. 2A through the attachment interface of the robotic arm;

FIG. 3 is a cross-sectional side view of a modular joint
located between two body members of the robotic arm in
accordance with an embodiment of the present application;

FIG. 4 is a top view of a wrist portion of the robotic arm of
FIG. 1 showing an example of angles between a first, second
and third joint axes in accordance with an embodiment of the
present application;

FIG. 5 is an axonometric view of a manipulator of the
robotic arm of FIG. 1 in accordance with an embodiment of
the present application;

FIG. 6 is an axonometric view of the robotic arm of FIG. 1
holding a tool in its manipulator selected from the tools stored
in a tool rack located within reach in accordance with an
embodiment of the present application;

FIG. 7 is an axonometric view of the robotic arm of FIG. 1
showing the possibility of being installed either on a wheel-
chair or on a work surface in accordance with an embodiment
of the present application.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The present application relates to a portable robotic arm
that is of a modular construction so that its components are
easy to assemble. Furthermore, the portable robotic arm is of
a design that makes it both flexible for operation in different
environments and lightweight for light applications. For
example, the portable robotic arm may be used on a wheel-
chair and right after, disconnected from the wheelchair and
connected to a work surface such as in a kitchen or in a
laboratory. Conveniently, the portable robotic arm has a wrist,
located close to a manipulator, where joints are placed at an
angle intermediate parallel and perpendicular. This prevents a
user or a bystander from pinching his fingers in the joints.
Moreover, the manipulator may be equipped with fingers
having sensors allowing the user to gauge how much pressure
is applied on an object.

FIG. 1 depicts the robotic arm 10. The robotic arm 10 is
illustrated as a serial mechanism, and is adapted to be
installed on a support12. The robotic arm 10 comprises a base
14 to which is connected a plurality of body members 16
through a plurality of self-contained motorized joints 18. The
robotic arm 10 is equipped with a manipulator 20 at its
extremity to provide some dexterity, with the manipulator 20
being the interface of the robotic arm 10 with objects.

The base 14 is provided with an attachment interface 22,
best shown in FIGS. 2A and 2B, now concurrently referred to.
This attachment interface 22 allows the base 14 of the robotic
arm 10 to quickly getattached to or removed from the support
12. This allows the robotic arm 10 to easily be transported
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from one location to another location where a second support
12 is installed. Advantageously, many types of supports 12
may be used, each designed specifically for the application in
which the robotic arm 10 will be used. For example, one
support 12 may be designed so as to be fixed to a wheelchair
while another support 12 may be designed so as to be attached
to a work surface, such as a kitchen counter. The support 12
could even be designed as to double its function as an armrest
and replace a standard armrest on the wheelchair. Since each
support 12 has a similar connection that is compatible with
the attachment interface 22, the robotic arm 10 may easily be
transferred from the wheelchair to the working surface. This
is especially convenient when a user wishes to use his robotic
arm in different applications. Only one robotic arm needs to
be purchased as long as each location is fitted with one pur-
posely designed support 12.

The attachment interface 22 may adopt different designs
that meet its quick connect/disconnect requirement. Different
attachment interface designs will be apparent to a person
skilled in the art. For example, one such design may use a
standardized fixation rail 24 common to each support 12
intended to be used with the portable robotic arm 10. The base
14 is equipped with either ball or bushing linear guides 26 in
which the fixation rail 24 slides (e.g., a dovetail configura-
tion). A retaining lock 28 retains the fixation rail 24 once
adequately inserted in the linear guides 26. Conveniently, a
release mechanism 30, such as a push button, may be used to
release the retaining lock 28 and free the base 14 from the
support 12 when the robotic arm 10 is to be removed from the
support 12, so as to be moved to another support 12 for
example. The base 14 may also be equipped with switches
and electric/electronic connectors 32 used to power and con-
trol the robotic arm 10.

The support 12 may adopt different designs depending on
its intended use. For example, if the support 12 is to be fixed
to a wheelchair, then the support 12 may be equipped with
attaching means to temporarily attach it to the structure of the
wheelchair. Alternatively, such a support 12 may be perma-
nently fixed to the wheelchair, such as by welding itto a frame
of'the wheelchair. If the support 12 is intended to be installed
on a work surface such as a counter, in a kitchen or in a
laboratory, then the support is provided with adapted attach-
ing means, such as mounting holes, brackets or other well
known attaching means, so as to be solidly fastened to the
work surface. If a temporary installation is preferred, then the
support 12 may be provided with attaching means such as
mounting clamps that grasp the counter. It will be apparent to
a person skilled in the art that a multitude of designs adapted
to each specific installation needs may be imagined. Such
supports 12 may either be provided with, or provided sepa-
rately from, the portable robotic arm 10.

Referring again to FIG. 1, each body member 16 is sequen-
tially connected to another body member 16 through one
motorized joint 18. Each body member 16, as much as the
base 14 and the manipulator 20 are preferably made of a light
and strong material. For example, advanced composite mate-
rials, such as carbon fiber in a tubular hollow format, are well
suited for this application. Because each body member 16 has
to support the combined weight of all the next body members
16, the next motorized joints 18, the manipulator 20, and a
load held by the manipulator 20, it is advantageous to lighten
as much as possible each component. Not only does this
reduce the load on each component, it may also increase the
load capacity of the portable robotic arm 10. Each body
member 16 may be of any length that is required by a specific
application. Moreover, the quantity of body members 16 used
in the composition of the portable robotic arm 10 may vary
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from one portable robotic arm 10 to another, again depending
on each application. Consequently, the quantity of motorized
joints 18 varies accordingly.

Each of the body members 16, the base 14 and the manipu-
lator 20 are removably attached to at least one motorized joint
18 by one or more fasteners 34 that are removable from the
exterior of the body members 16. These fasteners may be
different types of well known fasteners such as a clamp, quick
release fasteners, screws, etc. Conveniently, screws are used
for their easy manipulation and wide availability. Because the
fasteners 34 are readily accessible from the exterior of the
body members 16, the portable robotic arm 10 is easily
assembled.

Each body member 16 is hollow and only contains electri-
cal wiring running from one motorized joint 18 to the next.
Advantageously, no movement transfer mechanism resides
inside the body members 16. Indeed, each motorized joint 18
self-contains all the mechanics and electronics to rotate one
body member 16 with respect to an adjacent body member 16.
Only electrical wiring for power and command/feedback sig-
nals runs inside the body members 16. Consequently, it is
very easy for a person having a minimum of dexterity and
experience to assemble the portable robotic arm 10 from a
knocked-down state.

FIG. 3, depicting a simplified motorized joint 18, is now
referred to. Each motorized joint 18 is capable of rotating
around a single respective joint axis 40. The motorized joints
18 are of a compact and light design. The motorized joints 18
are designed to receive connecting rings 42. These connecting
rings 42 are structurally integrated in the body members 16.
The connecting rings 42 are preferably made of aluminum.

Each motorized joint 18 is connected to the next motorized
joint 18 through an electrical wiring 44. The electrical wiring
44 provides both the power and a rotation signal. A position
sensor 46, which may be of the Hall effect type, is used to
monitor the rotational position of the motorized joint 18. The
position of the motorized joint 18 is continuously monitored
and the rotation is stopped when the desired position is
reached.

Upon receiving a command to rotate, a selected motorized
joint 18 rotates one body member 16, or the manipulator 20,
by a specified angle around its own joint axis 40 with respect
to the previous body member 16 or to the base 14. For
example, in FI1G. 3, the manipulator 20 is connected to a rotor
48 of an electric motor 50 of the motorized joint 18 while a
firstbody member 52 is connected to a stator 54 of the electric
motor 50 via stator support 54A. The rotor 48 of the electric
motor 50 includes a shaft 48B that is rotatably supported by
one or more rotor supports 48A. Hence, upon receiving the
command, the manipulator 20 is rotated around the joint axis
40 with respect to the first body member 52.

Reference is again made to FIG. 1. The motorized joint 18
located between the manipulator 20 and the first body mem-
ber 52 is called a first motorized joint 56. The first motorized
joint 56 rotates in a first rotation plane 57 on a first joint axis
58 that is normal to the first rotation plane 57. Then, the first
body member 52 is connected to a second body member 60
through a second motorized joint 62 that rotates in a second
rotation plane 63 on a second joint axis 64 normal to the
second rotation plane 63. Similarly, the second body member
60 is connected to a third body member 66 through a third
motorized joint 68 which rotates in a third rotation plane 69
on a third joint axis 70 normal to the third rotation plane 69.
The third body member 66 is connected to a fourth body
member 72 through a fourth motorized joint 74 which rotates
in a fourth rotation plane 75 on a fourth joint axis 76 normal
to the fourth rotation plane 75. The fourth body member 72 is
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connected to the fitth body member 78 through a fifth motor-
ized joint 80 which rotates in a fifth rotation plane 81 on a fifth
joint axis 82 normal to the fifth rotation plane 81. Finally, the
fifth body member 78 is connected to the base 14 through a
last motorized joint 84, which rotates in a last rotation plane
85 on a last joint axis 86 normal to the last rotation plane 85.

Again, the portable robotic arm 10 may comprise more or
less body members 16. Each additional body member would
be connected to another body member 16 through an addi-
tional motorized joint having an additional joint axis. For
example, FIG. 1 describes a specific embodiment of the appli-
cation comprising the manipulator 20, the base 14 and five
body members 16.

Turning now to FIG. 4, there is depicted a portion of the
portable robotic arm 10 known as the wrist 87, the first and
second rotation planes 57,63 are positioned at an angle from
each other that is more than O degrees, where the rotation
planes would be parallel, to less than 90 degrees, where the
rotation planes would be perpendicular. Similarly, the second
and third rotation planes 63, 69 are positioned at an angle
from each other that is more than 0 degrees and less than 90
degrees. More specifically, the angle respectively between the
first and the second rotation planes 57, 63 and between the
second and the third rotation planes 63, are in the range of 30
to 60 degrees. More specifically, these angles could be
approximately 45 degrees. Note that although three consecu-
tive joints are shown in FIG. 4 in such an arrangement from
each other, it could be that only two joints are arranged like so.

Placing the first, second and third body members 52, 60, 66
at such angles from each other provides multiple advantages
compared to a typical construction of the wrist where the first,
second and third joint axes are perpendicular from their adja-
cent rotation plane. Such advantages include first, second and
third body members 52, 60 and 66 that are easier to manufac-
ture. Also, there is a reduction in the risk that a person could
pinch his fingers between two of these adjacent body mem-
bers.

To keep the space used by the robotic arm 10 when
retracted to a minimum, the fourth rotation plane 75 is kept
substantially perpendicular to the third rotation plane 69, and
the fifth rotation plane 81 is kept substantially perpendicular
to the last rotation plane 85. Optionally, the fourth rotation
plane 75 may be substantially parallel to the fifth rotation
plane 81.

Allmotorizedjoints 18 may be of the same design and size.
For example, ends of the body members 16 and the connect-
ing rings 42 of FIG. 3 have a constant outer diameter. How-
ever, it may be advantageous to decrease the size of each
motorized joints 18 the farther they are placed from the base
14. The more components such as motorized joints 18 and
body members 16 are used in the construction of the portable
robotic arm 10, the more load the components closer to the
base 14 have to support and that, notwithstanding the whether
the manipulator 20 carries a load or not. Hence, attention
needs to be brought to a careful design of each of the body
members 16 and of the motorized joints 18, as a function of
their position along the portable robotic arm 10. Preferably,
each motorized joint 18, as well as each body member 16,
would be designed for the specific load it has to withstand.
However, this would likely increase the cost of each compo-
nent, especially of the motorized joints 18, since different
models would have to be manufactured. An acceptable com-
promise has been found in making all of the motorized joints
18 of a common design, except for their capacity, which often
is directly related to their size and weight. Hence, the first,
second and third motorized joints 56, 62, 68 may be of a lesser
capacity, or smaller, than the fourth, fifth and last motorized
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joints 74, 80, 84. More specifically, the first, second and third
motorized joints 56, 62, 68 are of a common lesser capacity,
or common smaller size, than the fourth fifth and last motor-
ized joints 74, 80, 84. Even more specifically, the first, second
and third motorized joints 56, 62, 68 are of a first capacity or
first size and the fourth, fitth and last motorized joints 74, 80,
84 are of a second capacity or second size. Hence, advanta-
geously, the first, second and third motorized joints 56, 62, 68
are interchangeable among themselves while the fourth, fifth
and last motorized joints 74, 80, 84 are also interchangeable
among themselves. The robotic arm 10 is scalable in accor-
dance with the loads it will manipulate. For instance, greater
loads will require a robotic arm 10 of greater size and capac-
ity. The body members 16 may be structurally reinforced in
view of a use with greater loads.

Turning now to FIG. 5, there is depicted in more details the
manipulator 20 of the portable robotic arm 10. The manipu-
lator 20 comprises three fingers 88 and an optional tool port
90 centered between the three fingers 88. The fingers 88 are
disposed equidistant from each other, although a different
geometry may be used. Similarly, the three fingers 88 are of
the same length, although different finger lengths may be
used. Each one of the three fingers 88 has at least one articu-
lation 92 allowing the fingers 88 to move towards and away
from a centerline of the manipulator 20. Dexterity may be
added to the manipulator 20 by providing each finger 88 with
two or more articulations 92. Each finger 88 is equipped with
a fingertip 94 that is conveniently made of a material having
a relatively high friction coefficient. For example, the finger-
tips 94 may be made of elastomeric material such as rubber,
which allows an easier grasping of objects.

It will be apparent to a person skilled in the art that the
manipulator 20 may be equipped with more or less fingers 88,
although a minimum of three is preferred. It will also be
apparent that the fingers 88 may be of different lengths,
shapes, have more or less articulations, be disposed in differ-
ent ways to suit either a specific purpose or a more general
purpose.

Optionally, each finger 88 may be equipped with a sensor
95. The sensors 95 are used to detect whether a load or a
pressure is applied on a given finger 88. The sensors 95 are
operatively placed on an interior face of the fingers 88 such as
to detect aload when the fingers 88 comes into contact with an
object. Each sensor 95 is individually operative to send a load
signal to a controller 97 (illustrated at the exterior of arm 10
in FIG. 5, for schematic purposes, but with wires inside the
body members 16, or wireless). The sensors 95 may be dif-
ferent types of sensors. For example, the sensor 95 could be a
pressure sensor, a load cell measuring a force applied on one
finger 88, a torque sensor measuring the torque created by a
force applied on one finger 88, etc. Depending on its type,
each sensor may need to be installed in a position that is
different than the fingertip 94 to work properly. A person
skilled in the art could envision many different ways of
achieving the same result and all are intended to be covered in
the present description. The sensors 95 may be connected
with a wire or wirelessly to the controller 97. The connections
between the sensors 95 and the controller 97 are schemati-
cally represented in FIG. 5 and the person skilled in the art
will understand that if wires are used, they would advanta-
geously be routed along an interior or an exterior of the
portable robotic arm 10.

In one embodiment of the application, the controller 97
closes all three fingers 88 towards each other in response to
receiving at least one load signal from at least one of the
sensors 95. Optionally, when the controller 97 closes the
fingers 88 towards each other to grasp an object, the controller
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97 seeks to equilibrate the load signals from all sensors
among themselves. Optionally, the controller 97 could take
into account a movement command from the user to move the
portable robotic arm 10 and alter this command based on both
the movement command and the signals received from the
sensors 95.

Optionally, the controller 97 may output a feedback signal
to represent how much force is applied by the fingers 88 on the
object held by the fingers. The feedback signal may be sent to
a display or a gauge so that the user controlling the force
applied by the fingers 88 may have an idea of how much force
is applied by his maneuver. A feedback could also be provided
to the user in the form of a force feedback on the user’s
controls, more or less similarly to the force feedback used in
joystick controls used in video games. Optionally, the con-
troller 97 could also itself regulate or control the force
applied.

FIG. 5 also shows the tool port 90 that is used to locate and
optionally connect tools in the manipulator 20. The tool port
90 may comprise both mechanical and electrical connections
if such connections are required for operating a specific tool.
For example, it may not be necessary to have electric connec-
tions when the tool is a spoon, but it may be necessary to have
electric connections when the tool is a shaver. The tool port 90
may take many forms and shapes, such as a dimple or a boss,
and may include a lock to secure the tool in place. Conve-
niently, the tool port 90 includes a quick connect type of
connection that mechanically locks a tool 96 in place and
simultaneously establishes electrical connections when
required.

Turning now to FIG. 6, the tool 96, in this case a tooth-
brush, is shown located in the tool port 90 (not visible in this
view) in the center of the manipulator 20. Optionally, the
fingers 88 may be placed against the tool 96 and solidly grip
the tool 96 connected in the tool port 90 to help stabilize it.
Furthermore, the fingertips 94 and the tools may have details
at their interface, such as dimples or a circumferential groove
similar to human fingertips, to increase the grasp from the
fingers 88 on the tool 96.

FIG. 6 also depicts a tool set 98 located in a tool rack 100.
The tool rack 100 may either be attached to the portable
robotic arm 10, or be attached to whatever supports the por-
table robotic arm 10, such as a wheelchair for example. Pref-
erably, the tool rack 100 will be placed within easy reach of
the manipulator 20. For example the tool rack 100 may be
placed proximate the base 14. Each tool 96 of the tool set 98
may either be placed anywhere in the tool rack 100 or have a
specific location. The advantage of having a specific location
is that the optional controller 97 may memorize the exact
location of a specific tool 96 such that the user does not have
to move the portable robotic arm 10 and manipulator 20 up to
the desired tool, but could merely ask the portable robotic arm
10, through an input such as a button, voice command,
thought command or other, to get the desired tool 96 from the
tool rack 100. The controller 97, knowing where the desired
tool was last located, goes back to its location and grabs it.

FIG. 7 is now referred to. As the portable robotic arm 10 is
often used by handicapped persons in wheelchairs, it is pos-
sible to provide the portable robotic arm 10 as a kit that also
includes a wheelchair support 102 for attaching to the wheel-
chair 104 and capable of removably receiving the portable
robotic arm 10 through the attachment interface 22. The
wheelchair support 102 may be specifically designed for a
specific type or model of wheelchair. Conversely, the wheel-
chair support 102 could be of a “universal” design that fits
with as many types and models of wheelchairs as possible. A
specifically designed wheelchair support 102 has the advan-
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tage of being better integrated with the specific model of
wheelchair. For example, the wheelchair support 102 could
be integrated as an armrest. The wheelchair support 102 com-
prises attaching means (not shown), such as holes or brackets,
allowing the wheelchair support 102 to be solidly affixed to a
frame 106 of the wheelchair 104. Optionally, a wheelchair
manufacturer could integrate such a wheel-chair support in
the design of its wheelchairs.

Optionally the kit may further include a work surface sup-
port 108, somewhat similar to the wheelchair support 104 in
that it is capable of removably receiving the attachment inter-
face 22, but at the same time somewhat different since the
work surface support 108 is designed to be installed on a work
surface 110 rather than to the wheelchair 104. Advanta-
geously, the portable robotic arm 10 may be transferred from
the wheelchair support 102 to the work surface support 108
and vice versa.

The robotic arm 10 may be a self-contained apparatus, in
that the controller 97 is inside the robotic arm 10 (e.g., in the
base 14). The power source may be in the robotic arm 10, or
in each of the supports 104 and 108. Accordingly, when
switching the robotic arm 10 from one support to another (as
in FIG. 7), there is no need for disconnection of wires as all
components of the robotic arm 10 are incorporated therein.

Although it is described above for applications with appa-
ratuses for physically challenged users, such as a wheelchair,
the robotic arm 10 may be used in a plurality of other appli-
cations, with other apparatuses. For instance, there are
numerous applications which require robotic arms, such as
remotely-controlled vehicles such as buggies or the like. In
such a case, the controller of the robotic arm is equipped with
a remote control system for being operated from a distance.

The present application has been described with regard to
preferred embodiments. The description as much as the draw-
ings were intended to help the understanding of the applica-
tion, rather than to limit its scope. It will be apparent to one
skilled in the art that various modifications may be made to
the application without departing from the scope of the appli-
cation as described herein, and such modifications are
intended to be covered by the present description. The appli-
cation is defined by the claims that follow.

The invention claimed is:

1. A robotic arm comprising:

a base;

a plurality of motorized joints, each one of said motorized
joints being operative to rotate a body member with
respect to one respective joint axis normal to a respective
rotation plane, at least one of said motorized joints hav-
ing a pair of connecting rings positioned end to end with
the respective rotation plan therebetween, the connect-
ing rings supporting a motor with a stator immovably
connected to a stator support fixed to one of the connect-
ing rings and a rotor having a shaft immovably con-
nected to a rotor support fixed to the other of the con-
necting rings;

a plurality of the body members, each one of said plurality
of body members being tubular and sequentially con-
nected to ends of at least one other of said body members
through one of said motorized joints, a last one of said
body members being connected to said base through a
last one of said motorized joints inserted into the body
members, with at least a pair of the body members being
interconnected by said pair of connecting rings, so as to
define a constant outside diameter including the pair of
connecting rings and ends of the pair of the body mem-
bers interconnected by the pair of connecting rings; and
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a manipulator connected to a first one of said body mem-

bers through a first one of said motorized joints.

2. The robotic arm of claim 1 wherein said first rotation
plane being substantially at 45 degrees from said second
rotation plane.

3. The robotic arm of claim 2 wherein said second rotation
plane is substantially at 45 degrees from said third rotation
plane.

4. The robotic arm of claim 3 wherein said fifth rotation
plane is substantially perpendicular to said last rotation plane.

5. The robotic arm according to claim 1, wherein said
plurality of motorized joints comprises the first, a second, a
third, a fourth, a fifth and the last motorized joints, said
respective rotation plane of said motorized joints being
respectively a first, a second, a third, a fourth, a fifth and a last
rotation plane, said first rotation plane being substantially in
a range of 30 to 60 degrees from said second rotation plane,
said second rotation plane being substantially in the range of
30 to 60 degrees from said third rotation plane, said third
rotation plane being substantially perpendicular to said fourth
rotation plane, and said fourth rotation plane being substan-
tially parallel to said fifth rotation plane.

6. The robotic arm of claim 1 wherein said first, said second
and said third motorized joints are smaller than said fourth,
said fifth and said last motorized joints.

7. The robotic arm of claim 6 wherein said first, said second
and said third motorized joints are of a first size and said
fourth, said fifth and said last motorized joints are of a second
size.

8. The robotic arm of claim 7 wherein said first, said second
and said third motorized joints are interchangeable among
themselves and said fourth, said fifth and said last motorized
joints are interchangeable among themselves.

9. The robotic arm of claim 1 wherein said motorized joints
of said plurality of motorized joints each are scaled versions
of one another.

10. The robotic arm of claim 9 wherein each of said plu-
rality of body members, said base and said manipulator are
removably attached to at least one of said plurality of motor-
ized joints by at least one fastener removable from an exterior
of each one of said plurality of body members.
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11. The robotic arm of claim 1 wherein said manipulator
comprises at least three fingers, each one of said three fingers
being equipped with a sensor to detect a load applied on said
one of said three fingers, each one of said sensors being
operative to send a signal to a controller.

12. The robotic arm of claim 11 wherein said controller is
operative to close said three fingers towards each other in
response to receiving at least one of said signals from at least
one of said sensors.

13. The robotic arm of claim 12 wherein said controller is
operative to close said three fingers towards each other so as
to equilibrate said signals among themselves.

14. The robotic arm of claim 11 wherein said manipulator
comprises atool port centered between said three fingers, said
tool port being operative to connect a tool.

15. The robotic arm of claim 1 wherein said portable
robotic arm is adapted to be installed on a support, said base
comprises an attachment interface operative to removably
attach said base to the support.

16. The robotic arm of claim 15 further comprising said
support, said support being adapted to removably receive said
attachment interface, said support being attached to a frame
of a wheelchair.

17. The robotic arm of claim 15 further comprising said
support, said support being adapted to removably receive said
attachment interface, said support having attaching means for
permanently attaching said support to a working surface.

18. The robotic arm of claim 1 further comprising said
support, said support being adapted to removably receive said
attachment interface, said support being also an arm rest for a
wheelchair.

19. The robotic arm of claim 1 further comprising a rack for
a toolset, said rack being proximate said base.

20. A kit comprising:

said portable robotic arm of claim 1; and

a wheelchair support, said wheelchair support being

adapted to removably receive said attachment interface,
said wheelchair support having attaching means for
being attached to a frame of a wheelchair.
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